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INTRODUCTION 
The potential for flaws such as disbonds, corrosion, and microcracks in aircraft lap 
joints and reinforced doublers is a major problem in the aircraft industry today due to the 
increasing average age of existing aircraft. Several advanced nondestructive testing tech-
niques are being developed for aircraft inspection, including ultrasonics, thermography, 
eddy currents, X-radiography, and shearography. The focus of this study is to establish a 
science base for a cost-effective, reliable, and portable ultrasonic system that can be used 
for nondestructive detection of disbonds in aircraft structure. 
In previous work [1-3], a high frequency (20 MHz) broadband pulse was used to 
characterize aircraft lap joints and reinforcing doublers. This choice was made to allow 
resolution of the bondline interfaces. However, the presence of paint on the surface was 
found to introduce considerable detail in the signals, making interpretation difficult. More-
over, the high frequency measurement was very susceptible to errors due to non-parallelism 
of adherends, such as at edges where the adhesive thickness may vary. It was found that 
sophisticated signal processing techniques were required to achieve high classification 
accuracies for disbond detection in the "bond-resolved" case. 
In investigations' of ultrasonic detection of disbonds in solid rocket motors, it was earlier 
found that good results could be obtained using frequencies near a resonance of the layered 
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Figure 1. Ultrasonic contact scanning test setup. 
system [4]. Measurements by Hsu, et aI, demonstrated good contrast for detecting 
dis bonds in aircraft joints using pulses centered at or below the frequencies of resonances 
in the structure[5]. In this work, we employ transducers with bandwidths that span the 
expected resonances in different aircraft bonds. 
EXPERIMENTAL SETUP FOR CONTACT SCANNING TEST 
This work employs an ultrasonic measurement system that is described in detail in Refs. 
[1-3]. As shown in Fig. 1, an ultrasonic transducer is brought in contact with the external 
surface of the test specimen and the transducer is excited with low frequency pulses. The 
reflected signals are digitized and stored for subsequent analysis. For immersion scans, the 
buffer rod is removed. Figure 1 also shows the cross-section of a representative painted lap 
joint. 
Broadband focused transducers with center frequencies 1,2.25,3.5,5, and 10 MHz 
were employed to interrogate, in contact or in a water tank, mock aircraft lap joints with 
fabricated defects. These center frequencies span a range including the thickness-reso-
nance frequencies of the specimens. 
Three lap joint specimens, denoted DI-D3, were fabricated for this work. Sample Dl 
was fabricated from (2024-T3) aluminum sheets measuring 254 mm X 381 mm (10" x 15") 
and of thickness 0.96 mm. An epoxy layer of approximately 0.40 mrn was applied between 
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Figure 2. Comparison of ultrasonic signals using 3.5 MHz transducer for disbonded and 
bonded locations (aluminum thickness: .96mm). 
the two aluminum layers with an overlap of76.2 mm (3"). Disbonds were fabricated with 
dimensions of 50.8 mmX 76.2 mm (2" X 3"), 25.4 mmX 76.2 mm (1" X 3"), and 12.7 mm 
X 76.2 mm (1/2" X 3") across the lap joint. Sample D2 was identical in geometry to 
sample Dl except that the thickness of the aluminum layers was 1.6 mm. Sample D3 was 
fabricated with disbonds of random dimensions between two 0.96 mm aluminum layers. 
SIMULATION 
To better understand the experimental ultrasonic A-scans, a I-D model of sound 
propagation in multilayered structures was extensively used to simulate pulse-echo signals 
from the specimens used in the study. The reflection coefficient was computed as a func-
tion of frequency from the front surface of the structures using well-known results from 
transmission line theory. Details of the 1-D model used for the study can be found in 
Ref. [6]. 
RESULTS AND DISCUSSION 
Figures 2a-d show experimental A-scans from bonded and disbonded locations of 
fabricated sample D 1 using immersion and contact scanning techniques. Because the 
interrogating pulse is centered at 3.5 MHz, near the 3.3 MHz resonance of the 0.96 mm 
aluminum layers, individual interfaces of the specimen are not resolved; the resulting echo 
train consists of an initial echo (A) followed by a decaying wave pattern characteristic of 
the state of the test location. While the initial echo (A) remains relatively unchanged, the 
decay pattern changes significantly between dis bonded and bonded locations as presented 
in Figs. 2a and 2c, and Figs. 2b and 2d respectively. 
Figures 3a-c show A-scans from a painted commercial aircraft panel with an outer 
aluminum layer of thickness 0.96 mm, acquired using 3.5 MHz. Signals acquired from 
painted aluminum (disbond), painted aluminum-epoxy, and painted aluminum-epoxy-
aluminum (bonded) locations of the aircraft panel are shown in Figs. 3a, 3b, and 3c, respec-
tively. A difference in detail of the decay signal is noted between the bonded (3c) and the 
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Figure 3. Ultrasonic signals are obtained through experiment using 3.5 MHz (Com-
mercial aircraft panel). 
disbonded (3a) cases. Simulated A-scans for bonded and disbonded locations of the com-
mercial aircraft panel are presented in Figs. 4a-c. Good agreement is noted between simu-
lated and experimental results. 
As was previously noted in higher-frequency studies, the presence of paint yields 
marked differences in the waveforms obtained, as seen by comparing Figs. 3a and 4a with 
Figs. 2a and 2c. It is speculated that the amplitude modulation of the decay echoes ob-
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Figure 4. Ultrasonic signals obtained through simulation using 3.5 MHz center frequency. 
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Figure 5. Ultrasonic signals obtained through experiment using various center frequencies 
(aluminum/epoxy/aluminum: 1.6mm/.406mm/1.6mm): a. 2.25 MHz, b. 3.5 MHz, and c. 20 
MHz. 
served in the unpainted aluminum (2a and 2c), which have not been reproduced by the 
model, may be due to mode-converted shear waves produced at the unpainted aluminum 
surface. Further investigations are underway to ascertain the cause of this phenomenon and 
to update the model. 
Figure 5 shows ultrasonic A-scans from bonded locations of sample D2 with aluminum 
thickness of 1.6 mm and epoxy thickness of 0.40 mm using 2.25, 3.5, and 20 MHz. Note 
that the time scale is different for 5c in order to highlight the shape of the waveform. In 
Fig. 5c, the individual interfaces are resolved due to the high frequency and short wave-
length of the 20 MHz sound. Reflected pulse A is the front surface echo, B is the echo 
from the aluminum-epoxy interface, and C is the echo from the epoxy-aluminum interface 
as shown in Figure 5c. Under ideal conditions, individual interfaces are resolved and the 
resulting signal clearly characterizes the test locations when high frequencies are used. 
Unfortunately, when high frequencies are used, painted locations introduce additional 
complications. Moreover, effects due to attenuation, nonparallelism and other small pa-
rameter variations are maximized at higher frequencies [2-3]. As mentioned before, so-
phisticated signal processing techniques are required to minimize "misses" and "false 
calls". Figures 5a and 5b show wave trains for 2.25 MHz and 3.5 MHz transducers. A peak 
amplitude detection of the decay signal at these frequencies was found to yield reasonably 
good results. Advanced processing techniques can be used to achieve higher classification 
accuracies. 
Ultrasonic C-scan images for sample Dl using different central frequencies are pre-
sented in Figure 6. The different frequencies range from 1 to 10 MHz and are used to scan 
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Figure 6. Comparison of ultrasonic C-Scans with fabricated dis bonds using different 
frequencies (upper layer aluminum thickness - 1.6mm). 
an area 76.2 mm X 381 mm of the sample, covering only the lapped portion of the speci-
men. In this case, the decay signal after the front surface echo was gated and the peak 
amplitude was measured and rendered in the C-scan images presented in Figs. 6a-d. The 
darker regions in the image correspond to bonded locations and the lighter regions corre-
spond to disbonds. Maximum contrast between bond and dis bond is observed in the 3.5 
MHz scan, where the frequency employed most closely matches the 3.3 MHz thickness-
resonant frequency of 0.96 mm of aluminum. The 3.5 MHz C-scan of specimen D1 is 
repeated in Fig. 7a, along with a 2.25 MHz C-scan (Fig. 7b) of specimen D2, fabricated 
from 1.6 mm aluminum and having a thickness resonance at 2.0 MHz. 
Figure 8 shows ultrasonic results from specimen D3, having unknown random fabri-
cated dis bonds in the lap joint. A 3.5 MHz transducer was employed for both reflection 
and transmission methods because of the 0.96 mm aluminum thickness. For reflection-
a 
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Figure 7. Ultrasonic scans of lap joint with fabricated disbonds a. Immersion scan 
output(-.96mm aluminum thickness and 3.5 MHz central frequency), b. Immersion scan 
output (-1.6mm aluminum thickness and 2.25 MHz central frequency). 
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Figure 8. Ultrasonic C-scans of fabricated lap joint using 3.5 MHz transducer and com-
pared with reflection and transmission methods (upper layer aluminum thickness ~ 
.96mm). 
based data, the lighter regions in the images are dis bonds and darker regions are bonded 
locations. In the transmission method, the lighter regions correspond to bonded locations 
and the darker regions corresponds to dis bonded locations. Fig. 8a shows the reflection 
image of the lap joint whose transmission result is presented in Fig. 8b. A good agreement 
is seen between results obtained using the reflection method and those obtained using the 
transmission method. Fig. 8c shows the ultrasonic C-scans of another lap joint whose 
transmission result is presented in Fig. 8d. Once again, there is good agreement between 
the reflection and transmission methods. 
CONCLUSIONS 
In this study, we have demonstrated a low frequency pulse approach for detecting 
dis bonds in aircraft lap joints and doubler joints. Results indicate that maximum contrast is 
obtained using transducers whose center frequencies are close to the thickness-resonance 
frequencies of the aluminum layers. In particular, central frequencies of 3.5 and 2.25 MHz 
can be used to inspect Boeing 737 and 747 aircraft, since their outer skin thicknesses are 
close to 0.96 mm and 1.6 mm, respectively. 
Peak amplitude detection yielded a good contrast between signals for bonded and 
dis bonded locations, and this feature enables efficient signal processing. It is anticipated 
that more advanced signal processing and classification methods may be employed to take 
advantage of the other information contained in the waveform in order to obtain even 
greater classification accuracy. 
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